This work investigates the possibility of obtaining information on the chemical form (ionic or as Au nanoparticles (NPs)) in which Au is found in solutions by means of high-resolution continuum source graphite furnace atomic absorption spectrometry (HR CS GFAAS), without the need to use any additional separation step or any extra technique. It is demonstrated that proper optimization of the temperature program, using a very slow heating ramp (150 ºC s -1 ) during the atomization step and a sufficiently high atomization temperature (2200 ºC) in the absence of chemical modifiers, enables a fast and simple screening to be performed, since the signal profiles obtained for solutions/suspensions of ionic Au and AuNPs are very dissimilar. Moreover, in the case of finding NPs, it is possible to estimate the average particle size, because this parameter appears to be directly related with the time of appearance of the maximum peak height (a value of 27.7 nm ± 8.8 nm was estimated for NIST Reference Material 8012 Gold nanoparticles, nominal 30 nm diameter).
Journal of Analytical Atomic Spectrometry Accepted Manuscript 2 The procedure proposed offers a limit of detection of 5.5 pg (0.55 µg L -1 ) and a linear range up to 10 ng (1000 µg L -1 ), and was further validated by spiking a natural water certified reference material (CRM KEJIM 02). The occurrence of mixtures of ionic Au and AuNPs seems to be more complicated to resolve if quantitative information is aimed at (e.g., calculating the exact amount found in each form) because, even though the mixture behaves as predicted by summing the individual signals of ionic Au and AuNPs, signal overlap can be anticipated and, thus, proper signal deconvolution should be carried out. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60
Introduction
The number of fields in which nanotechnology is having a profound impact is increasing every year. In particular, metallic nanoparticles (NPs) offer unique properties for biomedical applications, making it feasible to develop new strategies for imaging, detection and diagnosis, therapy and drug delivery. 1,2 Typically, noble metal NPs are employed for these tasks, and, among them, Au, the quintessential noble element, is the most popular one in biomedicine. AuNPs offer a high surface-to-volume ratio together with a high surface reactivity, and an unoxidized quality that results in high stability.
Moreover, AuNPs show size-related and tunable electronic, magnetic, biological and optical properties. 3 AuNPs can enter cells faster than other molecules and accumulate at sites of tumor growth. Their photophysical properties enable their use in biodiagnostic assays, their potential to convert radiation onto heat permits the selective thermal ablation of tissues and, furthermore, they can act as effective carriers for drug delivery to hardly accessible regions of the body. 4 Despite the exciting possibilities opened by the use of NPs, there is also an increasing concern for their safety and biocompatibility. Bulk Au compounds have always been considered as practically inert. However, as size dwindles to the nanoscopic dimension, it is obvious that Au behaves in a different way, as discussed before. Therefore, the same unique properties that make these NPs so promising in biomedicine (e.g., facility to cross the blood-brain barrier, to enter cells, to interact with proteins), could make them also potentially toxic. 5 That is why more studies on their environmental impact and their possible effects on human health are being carried out, 6 as regulatory agencies become more aware of this issue. 7
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Journal of Analytical Atomic Spectrometry   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 4 Many techniques are used nowadays to characterize NPs, including AuNPs. Microscopy techniques (such as transmission electron microscopy -TEM-or scanning electron microscopy -SEM-) offer a very high resolution to detect even the smaller NPs (down to 1 nm). However, there is still a need to develop faster, cheaper and more straightforward approaches, that can be available in most analytical labs and that provide quantitative results.
Next to the use of UV-vis, 8 the use of inductively coupled plasma mass spectrometry (ICPMS) is becoming increasingly popular for this type of applications. [9] [10] [11] Its high detection power not only permits to quantify the total amount of the target metal present in a sample, but also, either directly using the so called single particle mode (SP), [12] [13] [14] or after coupling to a separation technique such as flow field fractionation, 11, 15 ICPMS provides information about the size of the NPs present. Unfortunately, like most techniques, when the target sample is a solid or a complex liquid material, it is necessary to carry out preparation steps (e.g., digestion), with the subsequent risk to alter the original form and size in which the NPs are found in the sample.
Alternatively, graphite furnace atomic absorption spectrometry (GFAAS) has been seldom used for nanoparticle characterization, except for quantification of the total metallic content, either after sample digestion 16 or taking advantage of the potential of this technique, particularly when high-resolution continuum source (HR CS) devices are deployed, 17 for the direct analysis of solid samples and complex matrices. 18, 19 It has thus been demonstrated that HR CS GFAAS enables the fast, simple and direct quantification of Au in biological samples, but perhaps it could provide even further information. 18 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 5 Typically, when bulk analysis is intended via GFAAS, the working conditions (e.g., temperature program, use of chemical modifiers, etc.) are optimized such that any possible difference in the original chemical form in which the analyte is introduced into the furnace is minimized and the signal profiles obtained are very similar, regardless of the exact chemical species to which they correspond.
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However, there is also the possibility to optimize the working conditions such that differences in the chemical form are actually maximized and translate into different signals profiles. It was first demonstrated by Gagné et al., 20 and later confirmed by Feichtmeier & Leopold, 21, 22 that Ag + and AgNPs do not atomize in an equal manner, particularly in the presence of a matrix, which tend to interact more with Ag + . These pioneering works already demonstrate the potential of the technique for the direct analysis of solid samples, 21, 22 but there is still a clear need to investigate: i) if the technique can provide also satisfactory results for other NPs beside Ag; ii) what is the best strategy to maximize differences between ionic species and NPs; and iii) what signal parameters should be evaluated to get the best correlation with the nanoparticle size.
The purpose of this work is to explore the use of HR CS GFAAS for the characterization of AuNPs for the first time, aiming at developing a methodology that permits to establish first if Au is present in ionic form, as NP or in both ways, and, in the second case, to estimate its mean size. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 6
Experimental

Instrumentation
All the experiments were carried out using a high-resolution continuum source atomic absorption spectrometer (ContrAA 700, Analytik Jena, Jena, Germany), which is equipped with a transversely heated graphite furnace atomizer in tandem with a flame atomizer. Only the graphite furnace was used throughout this work. The optical system of this instrument comprises a xenon short-arc lamp operating in 'hot-spot' mode as the radiation source, a high-resolution double echelle monochromator, and a linear CCD array detector with 588 pixels. 200 of these pixels are used to measure the absorbance, while the rest as used for internal corrections. More details on this type of instrument can be found elsewhere. 23 Pyrolytic graphite tubes with platforms incorporated were used in this work, although some experiments based on wall atomization were also performed (see section 3.1.).
Standards, samples and reagents
Purified water was obtained from a Milli-Q system (Millipore, Billerica, USA). Au ionic solutions were daily prepared by proper dilution of a 1 g L -1 single-element standard (Merck, Darmstadt, Germany) in HCl 0.12 M. Pd solutions were also prepared from a 1 g L -1 single-element standard (Merck) using purified water. H 2 SO 4 diluted solutions were made from a concentrated (98%) solution (Merck). Cysteine and thiourea solutions were prepared from the respective solid reagents, diluted in HCl 0.12 M. All the reagents were of analytical grade or higher purity.
AuNPs in the form of water suspensions were acquired from Nanocomposix (Prague, Czech Republic). The particle size distribution of these suspensions was characterized by TEM and their exact concentration was determined by ICPMS. Such information is provided by the manufacturer and is shown in Table 1 . Additionally, another water These suspensions were further diluted in HCl 0.12 M to the required final content (5-1000 µg L -1 ), prior to HR CS GFAAS monitoring. To avoid particle agglomeration, the original suspensions were sonicated for 5 minutes before their dilution, and the final working suspensions were sonicated for 5 minutes before HR CS GFAAS measurements.
For evaluating the performance of the method with an environmental sample, the certified reference material KEJIM 02, soft water from Kejimkujik Lake (lot 0914), was purchased from Environment Canada (Burlington, Canada) and spiked with the suspensions of the NPs of different sizes or with the Au ionic standard, until the intended Au concentration was reached. The same procedure regarding sonication that is described above was followed.
Results and discussion
Au monitoring by GFAAS. Enhancing differences between ions and
NPs
It has already been discussed that Au shows a relatively complex vaporization and atomization mechanism in a graphite furnace, which typically leads to the formation of Journal of Analytical Atomic Spectrometry Accepted Manuscript 8 double peaks. It has been postulated that the first of these peaks corresponds with the atomization of Au from microdoplets, and the second with the interaction of Au with some carbon active sites that delayed its atomization. The problem is further aggravated when the tube ages. 24 In the presence of a chemical modifier that increases the presence of active carbon sites (ascorbic acid), 25 the second peak becomes even more pronounced.
However, when a more traditional chemical modifier, such as Pd, is added, its atoms tend to occupy these active sites in the graphite surface. Au will interact with this modifier and it will be stabilized until a sufficiently high temperature is reached, such that Pd begins to vaporize and Au is finally released. 26 This basically means that using Pd is a very efficient way to obtain well-defined, unimodal and reproducible peak profiles when trying to carry Au bulk determination, regardless of the exact chemical form in which Au is introduced into the furnace, because this interaction with Pd will be the key aspect controlling Au atomization mechanism. 18, 26 For instance, Figure 1 shows the signal profiles obtained for an Au ionic standard and for an AuNPs suspension of a similar content in the presence of 10 µg of Pd. It can be seen that the peak profiles and their areas are almost identical.
Obviously, using this conventional GFAAS approach based on the addition of Pd is actually detrimental to separate ionic species from NPs. And, in addition to Pd, other basic aspects that characterize the stabilized temperature platform furnace (STPF) concept, such as the use of a fast atomization ramp, must be revisited as well when the goal is to maximize the difference between vaporization/atomization mechanisms as a function of the chemical species, instead of minimizing them. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 9 The first article available on this topic, working with AgNPs aqueous suspensions, revealed than, for this element, when using low atomization temperatures (1700 ºC) the signal for ionic species was significantly higher, and the signal for the AgNPs decreased with size. 20 In other words, it was easier to atomize ionic silver (which shows the smaller size) and small NPs rather than large ones, which could be expected. However, the selectivity of the method was low, as it did not allow discriminating between AgNPs of 20 and 60 nm. A more thorough study was carried out later by Feichtmeier & Leopold, which evidenced the need for optimization of different parameters of the temperature program to achieve a better resolution. In that work, the signal for AgNPs appear before that of ionic Ag. The authors' explanation was that, since they were investigating a direct solid sampling approach, ionic Ag interacted more strongly with the matrix, leading to a delayed signal. 21 A later work of this research group proved that this aspect cannot be generalized to all types of solid samples. 22 Having all these ideas in mind, an optimization was carried out to check to what extent it was possible to discriminate between ionic Au and AuNPs using HR CS GFAAS. It seems logical to expect that using a slow temperature ramp in the atomization step could be beneficial, because that gives more time to the atomization to proceed and probably would maximize differences among species exhibiting different vaporization/atomization mechanisms. For a given GFAAS instrument, Au typically requires a bit higher atomization temperature than Ag, which may further increase this effect. The risk of using slow ramps is that obviously the signal may show a wider, lower peak profile, with a somewhat higher peak area, but a worse signal to background ratio, which is why fast ramps are recommended under STPF conditions. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript Figure 2 shows the results observed for an Au ionic standard and for an AuNPs suspension using a variable atomization heating ramp. It is obvious that the signals for ionic Au or AuNPs are very different in shape, particularly with low heating ramps (150-300 ºC s -1 ), which permits a first fast screening: ionic Au signals always appear before and tend to show a double peak, hinting at a two-stage vaporization/atomization mechanism, as discussed before, 26 whereas AuNPs show a delayed but very Gaussianlike peak. The difference in the time of appearance of the maximum of these peaks increases with a slower heating ramp, up to more than 1 second for 150 ºC s -1 .
Quantitative data on this aspect is provided in Table 3 .
The only negative aspect detected is that this characteristic double peak obtained in the absence of chemical modifiers and using a slow heating during the atomization step is too wide to enable a complete separation of the signal profiles, thus making it difficult to quantify mixtures of ionic Au and NPs.
According to the hypothesis discussed before, this tail/second peak corresponds to the Au reduced from carbon sites. That means it is actually produced from metallic Au already reduced in the furnace, which could ultimately be in the form of NPs, so it seems difficult to completely avoid this overlap.
Further experiments were carried out to improve this situation. In particular, the addition of some compounds containing S was evaluated, in the hope that these could interact more with ionic species and alter their atomization/vaporization mechanism.
Cysteine and thiourea solutions, as well as diluted H 2 SO 4 , were tested for this purpose.
However, no significant gain was attained. Direct atomization from the tube wall was 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 also studied, but the results were more irreproducible and the difference in time between the signals of ionic Au and AuNPs did not increase.
Therefore, in the end, a heating ramp of 150 ºC s -1 for the atomization step was adopted for further work, and no chemical modifier was added.
The atomization temperature was also optimized, as this is probably another key parameter to achieve the best possible separation between AuNPs and Au ions.
Atomization curves were carried out and it was confirmed that AuNPs (76 nm) required a higher temperature (1500 ºC) to reach the maximum signal than Au ions (1400 ºC).
To take advantage of this fact, further studies were carried out using different atomization temperatures and the same heating ramp established before. A solution of ionic Au and two different aqueous suspensions of AuNPs (20 and 76 nm) were measured. The results are presented in Table 4 and an example is also shown in Figure   3 .
These measurements confirmed that ionic Au exhibits its typical earlier, double peak profile, while AuNPs tend to provide well defined Gaussian-like peaks that appear delayed according to their size (see Figure 3 ). These differences can be considered as logical, because large NPs should require more energy for vaporization and complete atomization (thus the delay to higher times and therefore higher temperatures), but once a large NP is vaporized and atomized, it releases more atoms simultaneously, thus a narrower peak could be expected, although the homogeneity of the NP size distribution may also play a role in that regard. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 12 The use of a higher atomization temperature seems to increase the differences regarding the appearance of the maximum peak height. This can be explained by the longer time needed to reach the final maximum temperature, which helps in exacerbating the different atomization mechanism operating for the different species. However, while the difference between ionic Au and small AuNPs (20 nm) increase with temperature, the difference between the NPs of different sizes (20 and 76 nm) is always smaller and does not increase above 2200 ºC (see Table 4 ). Thus, a still moderate atomization temperature of 2200 ºC was used for further work, to preserve the lifetime of graphite parts.
Concerning the peak areas, the values obtained for AuNPs and ionic Au were always similar, and their 95% confidence intervals overlapped. It is thus confirmed that the peak area can be related with the total Au amount, regardless of the form (ionic or NP) and the NP size in which Au is found. 18
Evaluation of different parameters to characterize the NP size
Different solutions/suspensions of ionic Au and of AuNPs of different sizes were measured using the conditions described in Table 2 to check the potential of the method for their discrimination.
Considering the results presented in section 3.1., the time at which the peak maximum appears (termed atomization delay in ref. 21 ) is therefore an obvious parameter to consider in order to characterize the size of the NPs, and it will be referred to as t max from now on. However, there are also some alternative parameters to examine.
Feichtmeier & Leopold also proposed the study of the atomization rate, calculated as the slope of the curve at the first inflection point. 21 Thus, we also evaluated this parameter, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 13 which will be referred to as k at . In order to do so, the experimental values of the rising portion of every signal profile (at least 50 points per absorbance peak) were fitted by linear least squares and the corresponding slope was calculated. Good linearity was always obtained (r 2 ≥ 0.9) in this process. Finally, the peak width at 50% of the maximum peak height (∆t 1/2 ) was calculated as well, to see if it could help in providing some tendency. Figure 4 illustrates what these parameters represent.
The values obtained with all these parameters are shown in Figure 5 , where results for two different days -separated in time by two weeks-are shown. Figure 5a displays the values of t max versus the size of the particles introduced into the furnace. The same behavior was always found when evaluating this parameter, which clearly depends on the particle size of Au species. It is interesting to notice that the time difference is particularly clear for smaller NPs instead of for larger NPs, for which a second region of linearity is found, but its slope is smaller. This may be relevant because for other techniques (e.g., SP-ICPMS) differentiating NPs below 10-20 nm is particularly difficult for Au and for most other metals, 6,13 so HR CS GFAAS could play a complementary role to identify these small sizes. As for the uncertainty, the variation in the appearance of the maximum peak height was typically found to be in the range 0.5-1.0 RSD%.
It also needs to be noted that, in order to use this parameter to establish the average size of an AuNP suspension, it is important to calibrate every day. The reason is that the slope of the curves shown in Figure 5a may vary significantly with time. It was observed that when a novel tube is used the signals appear before, and when the tube ages t max is delayed. Thus, calibrating when starting a new session using at least ionic 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 14 Au, a suspension of 20 nm and another one of 76 nm or higher, as these points define well the overall behavior, is recommended.
Regarding the rest of parameters, much less satisfactory results were observed. The atomization rate seems to be related with the particle size of the NPs (see Figure 5b) , increasing with such value, but the uncertainty of the measurements is higher (up to 14% RSD), so the trend is not always clear. However, this parameter was found to be higher for ionic Au (as could be expected when looking at the signals shown in Figure   2 and 3). Thus, this parameter decreases first when comparing ionic Au and small AuNP, and increases for larger NP, which make it much more complicated to screen the presence of NP of unknown size in a sample. Finally, it was proved during the experiments carried out in section 3.3. that this value also depends on the AuNP concentration, making its use not recommended. As for the last parameter (∆t 1/2 ), no clear trend was observed.
Overall, the time at which the maximum peak height appears seems to be the most appropriate parameter to discriminate among AuNPs of different sizes and ionic Au.
As a proof of principle, another AuNP suspension available from a different manufacturer (NIST) was also measured on 3 different days, and its t max value was interpolated in curves as those shown in Figure 5a , which were constructed everyday.
The average value obtained was 27.7 nm ± 8.8 nm, while the value provided by NIST for this sample was 27.6 ± 2.1 nm using TEM. Obviously, this agreement is remarkable. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 15 Different analytical parameters were estimated using a suspension of AuNP of 76 nm.
Analytical performance
The limit of detection (LOD, 3s definition) was calculated via the monitoring of ten blank replicates and the construction of a calibration curve and was found to be 5.5 pg (0.55 µg L -1 for 10 µL of sample), proving the usefulness of the approach for trace analysis.
For the sake of comparison, it can be mentioned that when using SP-ICPMS typically the Au concentrations measured are even lower. The goal with such technique is to be able to measure individual NPs and, thus, samples are diluted to approx. 0.05 µg Au L -1 , to prevent several NPs from being simultaneously monitored. However, that is precisely the reason why it is very difficult to characterize AuNPs below 10 nm at the moment with SP-ICPMS, as discussed before. 6, 13 In terms of time, every replicate requires 2-3 minutes with GFAAS, and usually 1 minute with SP-ICPMS.
Linearity was also explored. The results obtained are shown in Figure 6 . As can be seen in Figure 6a , two areas of linearity can be differentiated: up to 70 µg L -1 , and from there up to 1000 µg L -1 , a behavior that has already been reported for other elements when using HR CS GFAAS. 27 Thus, quantification over a wide range of three orders of magnitude, without the need to alter the working conditions, is feasible. Moreover, Figure 6b , demonstrates that t max remains unchanged regardless of the concentration of Au introduced into the furnace. This is obviously a critical issue, because this parameter is the key one to discriminate among NP sizes, as discussed in the previous section. Moreover, it can also easily be observed from this figure that k at clearly increases with the concentration, and ∆t 1/2 follows the same trend, as large 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 16 amounts tend to provide wider signals. Thus, these last two parameters would not be useful for comparing suspensions with different contents.
As a proof of concept, a sample was selected to evaluate the potential matrix influence on the results: the certified reference material KEJIM 02, soft water from Kejimkujik Lake, which is a natural water sample. It contains several ions (e.g., SO 4
2-
, Cl -) at the mg L -1 that could potentially interact with Au, as well as total dissolved carbon. This sample was spiked with 50 µg L -1 of ionic Au and of AuNPs of different sizes and measured using the parameters shown in Table 2 . The results are shown in Figure 7 . As can be seen, the same behavior already described in section 3.2. was found. t max increases with NP size, and such increase is less pronounced after 20 nm. The signal profiles obtained were also very similar to those discussed before for aqueous solutions/suspensions. k at seems to increase with size, but the reproducibility of this parameter is again poor (up to 15% RSD), and ∆t 1/2 provides no significant difference.
Overall, it can be concluded that the presence of this environmental matrix does not result in any interference.
An issue that may be relevant to stress again is that the slope of the curves observed during this experiment are not the same as those found before (see Figure 5a and Figure 7) . In other words, the difference in the value of t max for ionic Au and AuNPs is not a constant parameter, such that calibration has to be carried out every day. This cannot be attributed to the influence of the matrix, but it was found to depend on the condition of the tube and platform used, as discussed already in section 3.2.
Finally, additional experiments were performed to evaluate the situation in which both ionic Au and AuNPs are present. For this, two aqueous solutions were spiked with ionic 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Au and with AuNP of 76 nm of average size, respectively, while a third one was spiked with both, prior to HR CS GFAAS monitoring. As discussed before, it is very simple to differentiate the signal for ionic Au from that found for an AuNP suspension, as their profiles and t max are very different (see Figure 8a) . When a mixture is encountered, a signal with clearly two peaks is obtained (Figure 8b) , which moreover agrees remarkably well with what could be expected by summing the separate signals shown in Figure 8a (less than 0.1% difference in areas). However, the separate quantification of ionic Au and AuNPs in the case of being found together is more complicated, because the NP peak practically overlaps with the second peak/tailing of the ionic Au signal. A deconvolution model could be developed in cases of low ionic Au/AuNP molar ratio, but in the reversed situation, it seems rather difficult to obtain accurate results. This is not only a problem from HR CS GFAAS, as for other techniques (e.g., SP-ICPMS) it also becomes increasingly difficult to characterize small NPs in the presence of a high amount of the dissolved target element.
Conclusions
Under optimized conditions, which are not the ones typically used for bulk analysis but instead require the use of a suitably slow atomization ramp, HR CS GFAAS can provide valuable information to screen the presence of AuNPs in an inexpensive, fast and simple way.
In fact, the temporal signal profiles observed for ionic Au and AuNPs are very different.
Moreover, the time of appearance of the maximum peak height is related with the particle size, because the atomization of larger particles is delayed in time. Thus, a quick estimation of the form (ionic or NP) and even mean size (in the case of NP) in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Journal of Analytical Atomic Spectrometry Accepted Manuscript 18 which Au is found in a solution/suspension can be carried out, with minimal requirements regarding sample volume (µLs), and preserving quantitative information, which is related with the peak area, as usual.
Quantification of mixtures of NPs and ionic species appears more problematic, owing to the need to properly deconvolute two overlapping peaks. However, the procedure proposed should be fully compatible with simple sample preparation approaches that are being currently deployed to separate NPs from ionic species (e.g., cloud point extraction) prior to GFAAS analysis. [28] [29] [30] Future work will be focused on the direct monitoring of AuNPs in solid samples, as HR CS GFAAS may provide unique information in this regard.
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